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(57) ABSTRACT

A display device includes a display panel including a
plurality of pixels, the plurality of pixels driven during a first
frame with a first driving frequency and a second frame with
a second driving frequency, a frequency generation unit
configured to generate first frequency information indicative
of the first driving frequency of the first frame after an end
of the first frame, a gain generation unit configured to
receive the first frequency information indicative of the first
driving frequency generated by the frequency generation
unit and generate a first gain value for the second frame
based on the first driving frequency of the first frame
indicated in the received first frequency information, and a
video data output unit configured to output video data
generated based on the first gain value to a data driving unit
during the second frame.

21 Claims, 22 Drawing Sheets
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1
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to the Republic of
Korea Patent Application No. 10-2023-0008777, filed on
Jan. 20, 2023, which is incorporated by reference in its
entirety.

BACKGROUND
Field of Technology
The present invention relates to a display device.
Description of the Related Art

With the advancement of the information society, there is
an increasing demand for display devices that can show
images, and various types of display devices such as liquid
crystal display (LCD) devices and organic light emitting
diode (OLED) displays are being utilized.

The images displayed on the display device can be still
images or videos, encompassing various types such as sports
videos, game videos, and movies. To reduce power con-
sumption and extend the lifespan of the display device, it can
be operated in a Variable Refresh Rate (VRR) mode in
which the driving frequency varies depending on the type of
image.

In such a display device, when there is practically no
change in the input video, the pixels can be operated at a low
frequency (e.g., low-speed operation) by reducing the
refresh rate. However, when the pixels are operated at a low
frequency, luminance differences occur between pixels due
to voltage discharge, which can cause image distortion or
flickering, resulting in a degradation of image quality.

SUMMARY

Embodiments provide display devices capable of prevent-
ing flickering during low-speed operation.

In addition, embodiments provide display devices capable
of improving luminance differences caused by different
driving frequencies.

In one embodiment, a display device comprises: a display
panel including a plurality of pixels, the plurality of pixels
driven during a first frame with a first driving frequency and
driven during a second frame with a second driving fre-
quency; a frequency generation circuit configured to gener-
ate first frequency information indicative of the first driving
frequency of the first frame after an end of the first frame;
a gain generation circuit configured to receive the first
frequency information indicative of the first driving fre-
quency generated by the frequency generation circuit and
generate a first gain value for the second frame based on the
first driving frequency of the first frame indicated in the
received first frequency information; and a video data output
circuit configured to output video data generated based on
the first gain value to a data driving circuit during the second
frame, wherein the display panel displays an image based on
the outputted video data during the second frame.

In one embodiment, a display device comprises: a display
panel including a plurality of pixels, a plurality of data lines,
and a plurality of gate lines that intersect the plurality of data
lines, the plurality of pixels driven during a first frame with
a first driving frequency and the plurality of pixels driven
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2

during a second frame with a second driving frequency; a
timing controller configured to generate a first gain value for
the second frame based on the first driving frequency of the
first frame and output first video data that is generated based
on the first gain value during the second frame; a data driver
configured to convert the first video data generated based on
the first gain value into first data signals that are transmitted
to the plurality of data lines during the second frame; and a
gate driver configured to output gate signals to the plurality
of data lines during the first frame and the second frame,
wherein the display panel displays an image based on the
first data signals during the second frame.

The detailed descriptions of other embodiments are
included in the specifications and drawings.

For example, the video data output unit may decrease the
second voltage level in a stepwise manner based on the
counted duration of the second blank period.

Display devices according to embodiments are capable of
improving luminance differences caused by different driving
frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a display device
according to an embodiment;

FIG. 2 is a circuit diagram illustrating a pixel of a display
device according to an embodiment;

FIG. 3 is a graph illustrating a voltage at a source
electrode of a driving transistor for high and low gradations
according to an embodiment.

FIG. 4 is a graph illustrating the luminance variation at
different frequencies according to an embodiment;

FIG. 5 is a diagram illustrating waveforms of signals
inputted to a display device according to an example
embodiment;

FIG. 6 is a diagram illustrating a configuration of a timing
control unit according to an embodiment;

FIG. 7 is a graph illustrating the voltage at a source
electrode of a driving transistor during frames in a display
device according to an embodiment;

FIG. 8 is a circuit diagram illustrating a pixel of a display
device according to another embodiment;

FIG. 9 is a diagram illustrating the waveforms of signals
input to a display device according to another embodiment;

FIG. 10 is a diagram illustrating a configuration of a
timing control unit according to another embodiment;

FIG. 11 is a graph illustrating the luminance variation
based on data voltage at different frequencies according to
an embodiment;

FIG. 12 is a circuit diagram illustrating a pixel of a display
device according to another embodiment;

FIG. 13 is a diagram illustrating waveforms of signals
input to the display device according to another embodi-
ment; and

FIG. 14 is diagram illustrating a configuration of a timing
control unit according to another embodiment.

FIG. 15 is a graph illustrating a voltage of a source
electrode of a driving transistor according to one embodi-
ment;

FIG. 16 is a mimetic diagram illustrating leakage current
of the pixel circuit of the display device according to one
embodiment;

FIG. 17 is a waveform diagram illustrating signals input
to the display device according to one embodiment;

FIG. 18 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to yet another embodi-
ment;
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FIG. 19 is a waveform diagram illustrating signals input
to the display device according to one embodiment;

FIG. 20 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to still another embodi-
ment;

FIG. 21 is a waveform diagram illustrating signals input
to the display device according to one embodiment;

FIG. 22 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to still another embodi-
ment; and

FIG. 23 is a waveform diagram illustrating signals input
to the display device according to the embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments are described with reference to
accompanying drawings. In the specification, when a com-
ponent (or area, layer, part, etc.) is mentioned as being “on
top of,” “connected to,” or “coupled to” another component,
it means that it may be directly connected/coupled to the
other component, or a third component may be placed
between them.

The same reference numerals refer to the same compo-
nents. In addition, in the drawings, the thickness, propor-
tions, and dimensions of the components are exaggerated for
effective description of the technical content. The expression
“and/or” is taken to include one or more combinations that
can be defined by associated components.

The terms “first,” “second,” etc. are used to describe
various components, but the components should not be
limited by these terms. The terms are used only for distin-
guishing one component from another component. For
example, a first component may be referred to as a second
component and, similarly, the second component may be
referred to as the first component, without departing from
the scope of the embodiments. As used herein, the singular
forms are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

The terms such as “below,” “lower,” “above,” “upper,”
etc. are used to describe the relationship of components
depicted in the drawings. The terms are relative concepts
and are described based on the direction indicated on the
drawing.

It will be further understood that the terms “comprises,”
“has,” and the like are intended to specify the presence of
stated features, numbers, steps, operations, components,
parts, or a combination thereof but are not intended to
preclude the presence or possibility of one or more other
features, numbers, steps, operations, components, parts, or
combinations thereof.

FIG. 1 is a block diagram illustrating a display device
according to an embodiment;

With reference to FIG. 1, the display device 1 includes a
timing control unit 10 (e.g., a timing controller), a gate
driving unit 20 (e.g., a gate driving circuit or gate driver), a
data driving unit 30 (e.g., a data driving circuit or data
driver), an emission driving unit 40 (e.g., an emission
driving circuit), a power supply unit 50 (e.g., a power supply
circuit), and a display panel 60.

The timing control unit 10 (e.g., a timing controller) may
receive video signals RGB and control signals CS from
external host systems or the like. The video signals may
include a plurality of gradation data. The control signals CS
may include a data enable signal, a horizontal synchroniza-
tion signal, a vertical synchronization signal, and a main
clock.
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The timing control unit 10 processes the video signals
RGB and control signals CS to suit the operating conditions
of'the display panel 60, and it may generate and output video
data DATA, a gate driving control signal CONT1, a data
driving control signal CONT2, an emission driving control
signal CONT3, and a power supply control signal CONT4.

The gate driving control signal CONT1 may include scan
timing control signals such as gate start pulse, gate shift
clock, and gate output enable signals. The data driving
control signal CONT2 may include data timing control
signals such as source sampling clock, polarity control, and
source output enable signals.

The timing control unit 10 may be placed on a control
printed circuit board connected to the source printed circuit
board, on which the data driving unit 30 is bonded, through
a connection medium such as flexible flat cable (FFC) or
flexible printed circuit (FPC). For example, the timing
control unit 10 may be connected to the data driving unit 30
through embedded clock PP interface (EPI) wire pairs to
transmit and receive data.

The gate driving unit 20, in response to the gate control
signals CONT1 received from the timing control unit 10,
may sequentially output gate signals through the gate lines
GL within one horizontal period. Accordingly, the pixel
rows connected to each gate line GL. may be turned on in one
horizontal period. During one horizontal period, data signals
may be applied to the turned-on pixel rows through the gate
lines GL.

The gate driving unit 20 may be composed of stage
circuits connected respectively to a plurality of gate lines GL.
and may be mounted on the display panel 60 in the form of
Gate in Panel (GIP). The gate driving unit 20 may include
shift registers, level shifters, or the like.

The data driving unit 30 may convert the digital video
data DATA received from the timing control unit 10 into
analog data signals according to the data driving control
signal CONT2. The data driving unit 30 may apply the
analog data signals to corresponding pixels PX through the
data lines DL.

The data driving unit 30 may be implemented as a source
drive circuit or a source drive integrated circuit (IC). The
data driving unit 30 may be connected to the bonding pads
of the display panel 60 using tape automated bonding (TAB)
or chip on glass (COG) methods, or directly arranged on the
display panel 60, and in some cases, it may be integrated and
arranged within the display panel 60.

The emission driving unit 40 may generate emission
signals based on the emission driving control signal CONT3
outputted from the timing control unit 10. The emission
driving unit 40 may supply the generated gate signals to the
pixels PX through a plurality of emission lines EL.

The power supply unit 50 may convert the voltage input
from an external source, based on the power supply control
signal CONT4 into a high-potential voltage ELVDD and a
low-potential voltage ELVSS that are standard voltages for
use in the display device 1. The power supply unit 50 outputs
the generated driving voltages ELVDD and ELVSS to the
components through power lines PL.1 and PL2. The power
supply unit 50 may be arranged on the control printed circuit
board where the timing control unit 10 is positioned. Such
a power supply unit 50 may be referred to as a power
management integrated circuit (PMIC).

The display panel 60 includes a plurality of pixels PX (or
sub-pixels) arranged thereon. The pixels PX may be
arranged, for example, in a matrix form on the display panel
60. The pixels PX arranged in one pixel row are connected
to the same gate line GL, and the pixels PX arranged in one
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pixel column are connected to the same data line DL. The
pixels PX may emit light corresponding to the data signal
supplied through the data lines DL.

In an embodiment, each pixel PX may display one of the
colors, red, green, and blue. In another embodiment, each
pixel PX may display one of the colors, cyan, magenta, and
yellow. In various embodiments, each pixel PX may display
one of the colors, red, green, blue, and white.

The timing control unit 10, gate driving unit 20, data
driving unit 30, emission driving unit 40, and power supply
unit 50 may be configured as separate integrated circuits
(ICs) or at least some of them may be integrated into a single
integrated circuit. At least one of the gate driving unit 20 and
the emission driving unit 40 may be configured to be formed
integrally with the display panel 60 in an in-panel (IP)
manner.

In an embodiment, the display device 1 may be driven in
a variable refresh rate (VRR) mode where the driving
frequency can be adjusted. The refresh rate may refer to the
period/frequency at which data voltage is supplied (or
programmed) to the pixels. For example, the display device
1 may be driven with a refresh rate higher or lower than a
predetermined reference refresh rate. When the display
device 1 is driven with a refresh rate lower than the reference
refresh rate, it is referred to as “low-speed operation,” or a
“a first mode or a low-speed mode” and when it is driven
with a refresh rate higher than the reference refresh rate, it
is referred to as “high-speed operation” or a “a second mode
or a high-speed mode”. During low-speed operation, the
display device 1 programs the data voltage to the pixels with
a lower period/frequency than the reference refresh rate,
while in high-speed operation, it programs the data voltage
with a higher period/frequency than the reference refresh
rate. The refresh rate may be determined based on factors
such as the type of a displayed image, but is not limited
thereto.

FIG. 2 is a circuit diagram illustrating a pixel of a display
device according to an embodiment.

The pixel PX is depicted as an example in FIG. 2 merely
for the purpose of explanation and not limited in configu-
ration if possible to control the emission of the emissive
component OLED. For example, the pixel PX may include
additional switching TFTs, and the connection relationship
of the switching TFTs or the connection position of capaci-
tors may also be varied. For the convenience of explanation,
the following description is made with the pixel PX with a
driving circuit of 3T1C.

With reference to FIG. 2, the pixel PX according to an
embodiment may include a driving transistor DT and an
emissive component OLED connected to the pixel PX.

The pixel PX may drive the emissive component OLED
by controlling the driving current flowing the emissive
component OLED. The pixel PX may include a driving
transistor DT, a scan transistor T1, an initialization transistor
T2, and a storage capacitor CST. The transistors DT and T1
to T2 may each include a first electrode, a second electrode,
and a gate electrode. One of the first and second electrodes
may be a source electrode, and the other may be a drain
electrode.

The transistors DT and T1 to T2 may each be a positive-
channel metal oxide semiconductor (PMOS) transistor or a
negative-channel metal oxide semiconductor (NMOS) tran-
sistor. The following description focuses on the case where
the each of the transistors DT, T1, and T2 is an NMOS
transistor. Therefore, the transistors DT, T1, and T2 may be
turned on when a high-level voltage is applied.
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The emissive component OLED may include an anode
electrode and a cathode electrode. The anode electrode of
the emissive component OLED may be connected to the
second node N2, and the cathode electrode may be con-
nected to a low-potential driving voltage ELVSS.

The driving transistor DT may include a first electrode
applied with a high-potential voltage ELVDD, a second
electrode connected to the second node N2, and a gate
electrode connected to the first node N1. The driving tran-
sistor DT may provide a driving current to the emissive
component OLED based on the voltage of the first node N1
(or the data voltage stored in the storage capacitor CST to be
described later).

The first transistor T1 may include a first electrode applied
with the data voltage Vdata, a second electrode connected to
the first node N1, and a gate electrode applied with the first
scan signal SCAN1 through one of the gate lines (GL of
FIG. 1). The first transistor T1 may be turned on in response
to the scan signal SCAN1 and transmit the data voltage
Vdata to the first node N1.

The second transistor T2 may include a first electrode
applied with the initialization voltage Vdata, a second elec-
trode connected to the first node N2, and a gate electrode
applied with the second scan signal SCAN2 through one of
the gate lines (GL of FIG. 1). The second transistor T2 may
be turned on in response to the second scan signal SCAN2
and transmit the initial voltage Vref to the second node N2.

The storage capacitor CST may be connected between the
first node N1 and the second node N2. The storage capacitor
CST may store or maintain the voltage difference between
the data voltage Vdata applied to the first node N1 and the
initialization voltage Vref applied to the second node N2.

FIG. 3 is a graph illustrating the voltage at a source
electrode of a driving transistor for high and low gradations
according to one embodiment. In FIG. 3, the vertical axis
represents the voltages Vsa and Vsb at the second node (N2,
as shown in FIG. 2) for high and low gradations, respec-
tively, along with the initialization voltage Vref. The hori-
zontal axis represents time. In this specification, the data
voltage for high gradation may be higher than the data
voltage for low gradation.

With reference to FIGS. 2 and 3, during the first period t1,
the initialization voltage Vref is applied to the second node
N2 in response to the second scan signal SCAN2, and the
data voltage Vdata is applied to the first node N1 in response
to the first scan signal SCANI.

The initialization voltage Vref is less than the voltages
Vsa and Vsb at the second node N2 before the initialization
voltage Vref is applied, therefore, during the first period t1,
the voltages Vsa and Vsb at the second node N2 decrease to
the level of the initialization voltage Vref.

Subsequently, during the second period ts1 and ts2, the
voltages Vsa and Vsb at the second node N2 increase. The
second period ts1 and ts2 may be a period during which the
voltages Vsa and Vsb at the second node N2 increase for
both high gradation and low gradation. The duration of the
second period ts1 for high gradation may be shorter than the
duration of the second period ts2 for low gradation. That is,
the duration of the second period ts2 for low gradation may
be longer than the duration of the second period ts1 for high
gradation. During the second period ts1 and ts2, the degree
to which the voltages Vsa and Vsb at the second node N2
increase may vary depending on the stored voltage differ-
ence in the storage capacitor CST. That is, the data voltage
Vdata being stored in the storage capacitor CST is higher for
high gradation than for low gradation, resulting in a larger
driving current flowing for high gradation than for low
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gradation, which means that the voltage Vsa at the second
node N2 for high gradation may rise faster than the voltage
Vsb at the second node N2 for low gradation. In other words,
the saturation time of the voltage Vsa at the second node N2
for high gradation may be shorter in time than the saturation
time of the voltage Vsb at the second node N2 for low
gradation.

FIG. 4 is a graph illustrating the luminance variation at
different frequencies.

With reference to FIGS. 2 to 4, the display device 1 may
operate in the variable refresh rate mode VRR where the
driving frequency can be adjusted as described with refer-
ence to FIG. 1. In the display device 1 according to an
embodiment, the length of the second period ts1 and ts2 may
vary depending on the driving frequency. For example, a2
driving frequency a2 Hz and a3 driving frequency a3 Hz are
illustrated. The a3 driving frequency a3 Hz may be less than
the a2 driving frequency a2 Hz. In the display device 1
according to an embodiment, frame transition to the next
frame may occur after the elapse of the second period ts1
and ts2 for lower driving frequencies, whereas for higher
driving frequencies, frame transition to the next frame may
occur before the second period tsl and ts2 is fully com-
pleted. Therefore, in frames with higher driving frequencies,
compared to frames with lower driving frequencies, a larger
voltage difference may be stored in the storage capacitor
CST during the active period.

Especially due to the longer duration of the second period
ts2 for low gradation, sufficient luminance may not be
achieved in frames with higher driving frequencies. As a
result, as shown in FIG. 4, even with the same data voltage
Vdata applied at a2 driving frequency a2 Hz and a3 driving
frequency a3 Hz, a difference in luminance can be observed.

FIG. 5 is a diagram illustrating waveforms of signals
inputted to a display device according to an embodiment.
FIG. 6 is a diagram illustrating a configuration of a timing
control unit according to an embodiment.

In FIG. 5, the first frame (1 Frame) to sixth frame (6
Frame) are shown, and the horizontal synchronization signal
vsync is input before the start of each frame from first to
sixth frames 1 Frame to 6 Frame. For example, the first
frame 1 Frame may have a first driving frequency al Hz, the
second frame 2 Frame may have a second driving frequency
a2 Hz, the third frame 3 Frame may have a third driving
frequency a3 Hz, the fourth frame 4 Frame may have a
fourth driving frequency a4 Hz, the fifth frame 5 Frame may
have a fifth driving frequency a5 Hz, and the sixth frame 6
Frame may have a sixth driving frequency a6 Hz. For
example, the first driving frequency al Hz may be approxi-
mately 144 Hz, the second driving frequency a2 Hz may be
approximately 144 Hz, the third driving frequency a3 Hz
may be approximately 56 Hz, the fourth driving frequency
a4 Hz may be approximately 80 Hz, the fifth driving
frequency a5 Hz may be approximately 80 Hz, and the sixth
driving frequency a6 Hz may be approximately 120 Hz. The
first driving frequency al Hz and the second driving fre-
quency a2 Hz may be the same, and the third driving
frequency a3 Hz may be less than the first driving frequency
al Hz, the fourth driving frequency a4 Hz may be between
the second and third driving frequencies a2 Hz and a3 Hz,
the fifth driving frequency a5 Hz may be the same as the
fourth driving frequency a4 Hz, and the sixth driving fre-
quency a6 Hz may be between the first and fifth driving
frequencies al Hz and a5 Hz.

With reference to FIGS. 2 to 6, the first to sixth frames 1
Frame to 6 Frame may include respective active periods tal
to ta6 and respective blanking periods tb1 to th6. During the
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active periods tal to ta6, the scan transistor T1 of FIG. 2 may
be turned on, allowing the data voltage Vdata to be input to
the first node N1. The timing control unit 10 may include,
for example, a frequency generation unit 11 (e.g., a circuit
such as an IC), a gain generation unit 13 (e.g., a circuit such
as an IC), and a video data output unit 15 (e.g., a circuit such
as an interface). During the active periods tal to ta6, the
timing control unit 10 may provide video data DATA to the
data driving unit 30 through the video data output unit 15.
During the first active period, the first video data DATA1
may be provided; during the second active period, the
second video data DATA2' may be provided; during the third
active period, the third video data DATA3' may be provided;
during the fourth active period, the fourth video data
DATA4' may be provided; during the fifth active period, the
fifth video data DATAS' may be provided; and during the
sixth active period, the sixth video data DATA6' may be
provided.

In one embodiment, input video data for a given frame is
multiplied by a gain value that is derived from a previous
frame’s frequency as further described below. The second
video data DATA2' may be obtained by multiplying the
second video data DATA2 by a gain value gainl stored in the
lookup table of the timing control unit 10. Similarly, the
third video data DATA3' may be obtained by multiplying the
third video data DATAS3 by a gain value gain2 stored in the
lookup table of the timing control unit 10. The fourth video
data DATA4' may be generated by multiplying the third gain
value gain3 stored in the lookup table of the timing control
unit 10 with the fourth video data DATA4. The fifth video
data DATAS' may be generated by multiplying the fourth
gain value gaind stored in the lookup table of the timing
control unit 10 with the fifth video data DATAS. The sixth
video data DATA6' may be generated by multiplying the
fifth gain value gain5 stored in the lookup table of the timing
control unit 10 with the sixth video data DATA6. Although
the description is made of an exemplary case where the
video data is generated by multiplying gain values derived
from the previous frame’s frequency, this embodiment is not
limited thereto, and the calculated gain values may be
applied to the original data through various formulas includ-
ing addition of gain values. In some embodiments, the video
data may be generated by not only multiplying gain values
derived from the previous frame’s frequency but also taking
into account offsets.

The gain values gainl to gain 5 may be calculated based
on the driving frequencies al Hz to a5 Hz of the previous
frames from 1 Frame to 5 Frame. The frequency generation
unit 11 may calculate (or derive) the frequencies of the
frames 1 Frame to 5 Frame after the frames 1 Frame to 5
Frame have passed. The frequency information of a previous
frame computed (or calculated) by the frequency generation
unit 11 is provided to the gain generation unit 13. The gain
generation unit 13 extracts the corresponding gain values
gainl to gain5, based on the calculated frequency informa-
tion. In one embodiment, the magnitude of the gain values
are proportional to the magnitude of the frequencies. For
example, assuming the first driving frequency al Hz as the
reference frequency, the first gain value gainl serves as the
baseline gain value, the second gain value gain2 may be the
same as the first gain value gainl since the frequency of the
first frame 1 Frame and the frequency of the second frame
2 Frame are the same, the third gain value gain3 may be less
than the first gain value gainl since the third driving
frequency a3 Hz is less than the first driving frequency al
Hz, the fourth gain value gaind may be less than the first gain
value gainl and greater than the third gain value gain3
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because the fourth driving frequency a4 Hz is less than the
first driving frequency al Hz and greater than the third
driving frequency a3 Hz. The fifth gain value gain5 may be
the same as the fourth gain value gaind because the fourth
driving frequency a4 Hz is equal to the fitth driving fre-
quency a5 Hz (gain3<gaind=gain5<gainl=gain2).

That is, the display device according to an embodiment is
capable of improving the luminance of the output image in
such a way as to calculate the gain values gainl to gain5
based on the driving frequencies al Hz to a5 Hz of the
previous frames from 1 Frame to 5 Frame and multiply,
when the video data is outputted through the video data
output unit 15 in the respective frames from 2 Frame to 6
Frame, the original video data output by the data driving unit
30 by the gain values gainl to gain5 obtained through the
frequency generation unit 11 and the gain generation unit 13
to output the video data DATA2' to DATAG6' to the data
driving unit 30.

In FIG. 5, during the active periods tal to ta6 of frame 5,
the data voltage Vdata may be a data voltage analog-
converted by the data driving unit 30 based on the converted
video data DATA1 and DATA2' to DATA6' from the respec-
tive frames 1 Frame to 6 Frame.

Assuming the originally intended video data DATA1 to
DATAG6 are all the same, and considering the gain values
gainl to gain5, the magnitudes of the converted video data
DATA1 and DATA2' to DATAG' during the respective active
period tal to ta6 may have a relationship of
DATA4'<DATAS'=DATA6'<DATA1=DATA2'=DATA3J'.
The magnitude of the data voltage Vdata may be determined
in proportional to the magnitudes of the converted video
data DATA1 and DATA2' to DATAG6' during the respective
active period tal to ta6. That is, the data voltage Vdata may
have the first voltage level Vdatal during the active periods
tal to ta3 of the first to third frames 1 Frame to 3 Frame, a
second voltage level Vdata2 that is less than the first voltage
level Vdatal during the fourth active period ta4 of the fourth
frame 4 Frame, and a third voltage level Vdata3 that is less
than the first voltage level Vdatal and greater than the
second voltage level Vdata2 during the fifth and sixth active
periods ta5 and taé of the fifth and sixth frames 5 Frame and
6 Frame.

Meanwhile, during the respective blanking periods tb1 to
th6, the data voltage Vdata may have a voltage level
Vdata_g1 that is greater than O and less than the second
voltage level Vdata2. During the blanking periods tb1 to tb6,
the scan transistor T1 is turned off, so the data voltage Vdata
may not be applied to the second node N2. However, by
allowing the data voltage Vdata to have the voltage level
Vdata_gl1 greater than 0 and less than the second voltage
level Vdata2 during the blanking periods tb1 to tb6, it is
possible to prevent the occurrence of a phenomenon where
the luminance of the first line of pixels PX becoming low
when another frame 2 Frame to 6 Frame starts after the
blanking period tb1 to th6, by rapidly generating the data
voltage Vdata.

FIG. 7 is a graph illustrating the voltage at a source
electrode of a driving transistor during frames in a display
device according to an embodiment. FIG. 7 exemplarily
shows the variation of the voltage Vs at the second node
during the first to third frames 1 Frame to 3 Frame in FIG.
5.

As described with reference to FIG. 5, assuming the
originally intended video data DATA1 to DATAG are all the
same, and considering the gain values gainl to gain5, the
magnitudes of the converted video data DATA1 and DATA2'
to DATAG6' during the respective active periods tal to taé
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may have a relationship
DATA4'<DATAS'=DATA6'<DATA1=DATA2'=DATA3J'.

In the display device 1 according to an embodiment, for
the third video data DATA3', which has the same size as the
first and second video data DATA1 and DATA?2' as described
with reference to FIG. 5, the frame transition to the next
from may occur after the elapse of the second period ts1 and
ts2 for the lower driving frequencies whereas for the high
driving frequencies the frame transition to the next frame
may occur before the second period ts1 and ts2 is not
completed.

That is, with reference to FIG. 7, the duration of the third
frame 3 Frame is longer than the duration of the first and
second frames 1 Frame and 2 Frame, and the storage
capacitor CST may store a large voltage difference in the
third frame 3 Frame compared to the storage capacitor CST
in the first and second frames 1 Frame and 2 Frame with
higher driving frequencies.

Therefore, as shown in FIG. 7, during the emission period
of the light-emitting element EL that exceeds the threshold
voltage Vth, the voltage increment at the second node N2 of
the third frame 3 Frame may be greater than the voltage
increment at the second node N2 of the first and second
frames 1 Frame and 2 Frame. As a result, a luminance that
is greater than the originally intended luminance may occur
in the third frame 3 Frame.

The following embodiments provide methods to prevent
the luminance from becoming greater than the originally
intended luminance in the frame having a lower driving
frequency compared to the previous frame.

FIG. 8 is a circuit diagram illustrating a pixel of a display
device according to another embodiment. FIG. 9 is a dia-
gram illustrating the waveforms of signals input to a display
device according to another embodiment. FIG. 10 is a
diagram illustrating a configuration of a timing control unit
according to another embodiment. FIG. 11 is a graph illus-
trating the luminance variation based on data voltage at
different frequencies. FIG. 8 is a circuit diagram of a pixel
PX during the blank period.

With reference to FIGS. 8 to 11, the data voltage Vdata_1
is applied through the data line (DL in FIG. 1 during the
blank periods th1l to th6. However, during the blanking
period tb1 to tb6, the scan transistor T1 may be turned off,
and the data voltage Vdata_1 may not be applied to the first
node N1.

On the other hand, since the data voltage Vdata_1 is
applied to the data line (DL in FIG. 1), a parasitic capacitor
CST1 may be formed between the data line DL and the first
node N1. By utilizing the parasitic capacitor CST1 formed
between the data line DL and the first node N1 during the
blanking period tb1 to tb6, it is possible to resolve the issue
where a luminance that is greater than the intended lumi-
nance occurs in a frame with a driving frequency of a frame
is less than the driving frequency of the previous frame, as
described with reference to FIG. 7.

As shown in FIG. 7, during the emission period exceeding
the threshold voltage Vth of the light-emitting device EL in
each frame Frame 1 Frame to 3 Frame, the maximum
voltage at the second node N2 in the first and second frames
1 Frame and 2 Frame may be respectively the first voltage
level Vs1 and the second voltage level Vs2. Furthermore, as
described with reference to FIG. 7, the duration of the third
frame 3 Frame may be longer than the duration of the first
and second frames 1 Frame and 2 Frame, and the storage
capacitor CST in the third frame 3 Frame may store a larger
voltage difference compared to the storage capacitors CST in
the first and second frames 1 Frame and 2 Frame with higher

of
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driving frequencies, allowing the maximum voltage at the
second node N2 in the third frame 3 Frame to exceed each
of the first voltage level Vsl and the second voltage level
Vs2.

However, according to the embodiment of FIGS. 8 to 11,
during the third blanking period tb3, the voltage level of the
data voltage Vdata may be reduced compared to the voltage
level Vdata_gl of the data voltage during the first and
second blanking periods tb1 and th2, thereby reducing the
voltage of the second node N2 through the parasitic capaci-
tor CST1 as described with reference to FIG. 8. To achieve
this, the frequency generation unit 11 of the timing control
unit 10_1 may count the duration of the third blanking
period tb3 after the end of the third active period ta3 of the
third frame 3 Frame.

In one embodiment, a blanking period may include a
plurality of blank portions that each have a duration that is
equal to a duration of a blank period from a previous frame.
For example, the frequency generation unit 11 stores data
regarding the duration of the first and second blanking
periods tb1 and tb2 and, when a third-1 blanking period th3a
(e.g., a first blank period) of the same duration as each of the
first and second blanking periods tb1 and tb2 has elapsed,
controls the video data output unit 15 to provide, at the start
of the third-2 blanking period tb35b, the data driving unit 30
with video data DATA3_g corresponding to the data voltage
Vdata at the voltage level Vdata_g2 that is less than the
voltage level Vdata_gl during the third-1 blanking period
th3a. Subsequently, the data drive unit 30 applies the data
voltage Vdata at a voltage level Vdata_g2 that is less than
the voltage level Vdata_gl corresponding to the video data
DATA3_g to the data line (DL in FIG. 1). As a result, as
shown in FIG. 9, the voltage at the second node N2
undergoes a change (Vs3a to Vs3b that is less than Vs3a).

Furthermore, the frequency generation unit 11, based on,
for example, the data regarding the duration of the first and
second blanking periods tb1l and tb2 or the stored data
regarding the duration of the third-1 blanking period th3a,
may control the video data output unit 15 to provide, at the
start of the third-3 blanking period th3c (e.g., a third blank
portion) after the third-2 blanking period tb35 (e.g., a second
blank portion) has elapsed, the data driving unit 30 with the
video data DATA3_g corresponding to the data voltage
Vdata at the voltage level Vdata_g3 that is than the voltage
level Vdata_g2 of the data voltage Vdata during the third-2
blanking period tb3b. Subsequently, the data drive unit 30
applies the data voltage Vdata at a voltage level Vdata_g3
that is less than the voltage level Vdata_g2 corresponding to
the video data DATA3_g to the data line (DL in FIG. 1). As
a result, as shown in FIG. 9, the voltage at the second node
N2 undergoes a change (Vs3c to Vs3d that is less than
Vs3c). [00%] Therefore, as shown in FIG. 11, there is no
luminance difference between the a2 driving frequency a2
Hz and the a3 driving frequency a3 Hz.

FIG. 12 is a circuit diagram illustrating a pixel of a display
device according to another embodiment. FIG. 13 is a
diagram illustrating waveforms of signals input to the dis-
play device according to another embodiment. FIG. 14 is a
diagram illustrating a configuration of a timing control unit
according to another embodiment.

With reference to FIGS. 12 to 14, the data voltage Vdata
is applied through the data line (DL in FIG. 1) during the
blank periods tbl to th6. However, during the blanking
period tb1 to tb6, the scan transistor T1 may be turned off,
and the data voltage Vdata may not be applied to the first
node N1.
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Meanwhile, since the initialization voltage Vrefis applied
to the initialization voltage line, a parasitic capacitor CST2
may be formed between the initialization voltage line and
the second node N2. By utilizing the parasitic capacitor
CST2 during the blanking period tb1 to thé, it is possible to
resolve the issue where a luminance higher than intended
occurs in a frame with a driving frequency that is less than
the previous frame, as described with reference to FIG. 7.

As shown in FIG. 13, during the emission period exceed-
ing the threshold voltage Vth of the light-emitting device EL.
in each frame Frame 1 Frame to 3 Frame, the maximum
voltage at the second node N2 in the first and second frames
1 Frame and 2 Frame may be respectively the first voltage
level Vs1 and the second voltage level Vs2. Furthermore, as
described with reference to FIG. 7, the duration of the third
frame 3 Frame may be longer than the duration of the first
and second frames 1 Frame and 2 Frame, and the storage
capacitor CST in the third frame 3 Frame may store a larger
voltage difference compared to the storage capacitors CST in
the first and second frames 1 Frame and 2 Frame with higher
driving frequencies, allowing the maximum voltage at the
second node N2 in the third frame 3 Frame to exceed the first
voltage level Vsl and the second voltage level Vs2.

However, in the embodiment of FIGS. 12 to 14, during the
third blanking period th3, the voltage level of the initializa-
tion voltage Vref may be reduced compared to the voltage
level Vrefl of the initialization voltage Vref during the first
and second blanking periods tb1 and th2, thereby lowering
the voltage of the second node N2 through the parasitic
capacitor CST2 as described with reference to FIG. 12. To
achieve this, the timing control unit 10_2 may further
include the initialization voltage output unit 17 (e.g., a
circuit), and the frequency generation unit 11 may count the
duration of the third blanking period th3 after the end of the
third active period ta3 of the third frame 3 Frame.

For example, the frequency generation unit 11 stores data
regarding the duration of the first and second blanking
periods tb1 and tb2 and, when a third-1 blanking period th3a
of the same duration as the first and second blanking periods
th1 and th2 has elapsed, controls the initialization voltage
output unit 17 to provide, at the start of the third-2 blanking
period tb3b, the data driving unit 30 with the initialization
voltage of a voltage level Vref3 lower than the voltage level
Vref2 of the initialization voltage during the third-1 blanking
period th3a. As a result, as shown in FIG. 13, the voltage at
the second node N2 undergoes a change (Vs3a to Vs34 that
is less than Vs3a).

Furthermore, the frequency generation unit 11, based on,
for example, the data regarding the duration of the first and
second blanking periods tb1 and tb2 or the stored data regard
the duration of the third-1 blanking period tb3a, may control
the initialization voltage output unit 17 to provide, at the
start of the third-3 blanking period tb3¢ after the third-2
blanking period tb3b has elapsed, the data driving unit 30
with the initialization voltage at the voltage level Vrefd that
is less than the voltage level Vref3 of the initialization
voltage during the third-2 blanking period th3b. As a result,
as shown in FIG. 13, the voltage at the second node N2
undergoes a change (Vs3c¢ to Vs3d that is less than Vs3c¢).
Thus, the initialization voltage output unit 17 may decrease
the initialization voltage a plurality of times in a stepwise
manner during the third blanking period tb3 based on the
counted duration of the second black period as shown in
FIG. 9.

Therefore, even with different driving frequencies, it is
possible to avoid differences in luminance.
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For example, the display device may include a first frame
with a first driving frequency and a second frame with a
second driving frequency, a frequency generation unit con-
figured to generate the first driving frequency of the first
frame after the end of the first frame, a gain generation unit
configured to receive information on the first driving fre-
quency generated by the frequency generation unit and
generate a first gain value of the second frame based on the
first driving frequency of the first frame, and a video data
output unit configured to output video data generated based
on the first gain value to the data driving unit during the
second frame.

For example, the display device may further include a
third frame with a third driving frequency, wherein the
frequency generation unit may generate the second driving
frequency after the end of the second frame, the gain
generation unit may generate a second gain value of the third
frame based on the second driving frequency, the first
driving frequency may be equal to the second driving
frequency, the third driving frequency may be lower than the
first driving frequency, and the first gain value and the
second gain value may be equal.

For example, the display device may further include a
fourth frame with a fourth driving frequency, wherein the
frequency generation unit may generate the third driving
frequency after the end of the third frame, the gain genera-
tion unit may generate a third gain value of the fourth frame
based on the third driving frequency, and the third gain value
may be less than the first gain value.

For example, the first frame may include a first active
period and a first blank period, the second frame may
include a second active period and a second blank period,
the video data generation unit may output video data gen-
erated based on the first gain value to the data driving unit
during the second active period, and the data driving unit
may output a data voltage at a first voltage level to a pixel
based on the video data generated based on the first gain
value.

For example, the display device may output the data
voltage at a second voltage level lower than the first voltage
level to the pixel during the second blank period.

For example, the second voltage level may be maintained
during the second blank period.

For example, the pixel may include an emissive compo-
nent, a driving transistor, and a scan transistor, the driving
transistor may include a first electrode applied with a
high-potential voltage, a second electrode connected to an
anode electrode of the emissive component, and a gate
electrode connected to a first node, and the scan transistor
may include a first electrode applied with data voltage, a
second node connected to the first node, and a gate electrode
applied with a first scan signal.

For example, the pixel may further include a parasitic
capacitor formed between a data line applied with the data
voltage and the first node.

For example, the frequency generation unit may count the
duration of the second blank period after the end of the
second active period.

For example, the video data output unit may decrease the
second voltage level in a stepwise manner a plurality of
times based on the counted duration of the second blank
period.

For example, the pixel may further include an initializa-
tion transistor comprising a first electrode applied with an
initialization voltage, a second electrode connected to the
anode electrode, and a gate electrode applied with a second
scan signal.
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For example, the pixel further may include a parasitic
capacitor formed between an initialization voltage line
applying the initialization voltage and the anode electrode.

For example, the frequency generation unit may count the
duration of the second blank period after the end of the
second active period.

FIG. 15 is a graph illustrating a voltage of a source
electrode of a driving transistor according to one embodi-
ment. FIG. 16 is a mimetic diagram illustrating leakage
current of the pixel circuit of the display device according to
one embodiment. The driving frequency of the display
devices shown in FIGS. 15 and 16 may be a low frequency.
That is, the display device may be driven at a low speed.

Referring to FIGS. 15 and 16, during the first period tl,
the initialization voltage Vref is applied to the second node
N2 in response to the second scan signal SCAN2, and the
data voltage Vdata is applied to the first node N1 in response
to the first scan signal SCANI.

The initialization voltage Vref is less than a voltage Vsa'
at the second node N2 before the initialization voltage Vref
is applied, therefore, during the first period t1, the voltage
Vsa' at the second node N2 drops (e.g., reduces) to the level
of the initialization voltage Vref.

Subsequently, during the second period tsl1, the voltage
Vsa' of the second node (N2) increases. The second period
ts1 may be a period in which the voltage Vsa' of the second
node N2 increases. The voltage Vsa' of the second node N2
may be saturated at the end of the second period ts1 and may
be maintained until a first time point ts'. After the first time
point ts', the voltage Vsa' of the second node N2 may
gradually decrease until the next first period tl.

Meanwhile, in the case of a low-speed display device of
which the driving frequency is a low frequency, a refresh
interval may be long. That is, a period during which the data
voltage is not supplied to the pixel (see tb1 in FIG. 17) may
be much longer than the period during which the data
voltage is supplied to the pixel (see tal in FIG. 17). When
the period during which the data voltage is not supplied to
the pixel (see tb1 in FIG. 17) may be much longer than the
period during which the data voltage is supplied to the pixel
(see tal in FIG. 17), leakage current may, as shown in FIG.
16, occur from the emissive component OLED in a period
th1 during which the data voltage is not supplied to the pixel.
When the leakage current occurs from the emissive compo-
nent OLED, the difference voltage stored in the storage
capacitor CST may decrease in the period during which the
data voltage is supplied to the pixel (see tal in FIG. 17).
When the difference voltage stored in the storage capacitor
CST decreases, the driving current flowing through the
emissive component OLED may gradually decrease in the
period tb1 during which the data voltage is not supplied to
the pixel, thereby reducing the luminance.

FIG. 17 is a waveform diagram illustrating signals input
to the display device according to the embodiment. The
embodiment will be described with reference to not only
FIG. 17 but also FIG. 6.

In FIG. 17, the first and second frames (1 Frame and 2
Frame) are illustratively shown, and the input horizontal
synchronization signal vsync is input at the starting point of
each of the first and second frames (1 Frame and 2 Frame).
For example, the first frame (1 Frame) and the second frame
(2 Frame) may have a first driving frequency al Hz. The first
driving frequency al Hz may be a low frequency. For
example, the first driving frequency al Hz may be 1 Hz, but
is not limited thereto.

Referring to FIGS. 6 and 17, the first frame (1 Frame) may
include the first active period tal and the first blanking
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period tbl. During the first active period tal, the scan
transistor T1 of FIG. 18 is turned on and the data voltage
Vdata may be input to the first node N1. The video data
DATA may be provided to the data driving unit 30 through
the video data output unit 15 of the timing control unit 10
during the first active period tal. The first video data DATA1
may be provided during the first active period tal.

The data voltage Vdata of the first active period tal in
FIG. 17 may be a data voltage that has been converted by the
data driving unit 30 into analog based on the video data
DATA1 converted in the first frame (1 Frame).

Meanwhile, the data voltage Vdata of the first blanking
period tbl may have the voltage level Vdata_gl that is
greater than 0 and less than the first voltage level Vdatal.
Since the scan transistor T1 is turned off in the first blanking
period tb1, the data voltage Vdata may not be applied to the
second node N2. However, since the data voltage Vdata of
the first blanking period tb1 has the voltage level Vdata_gl
that is greater than O and less than the first voltage level
Vdatal, when another frame (2 Frame) starts after the first
blanking period tb1, it is possible to prevent in advance a
phenomenon where first line pixels PX have a low lumi-
nance by the rapid generation of the data voltage Vdata.

Meanwhile, as described above in FIG. 16, in the case of
a low-speed display device of which the driving frequency
is a low frequency, the refresh interval is long, so that
leakage current may occur from the emissive component
OLED in the first blanking period tb1, the difference voltage
stored in the storage capacitor CST may decrease in the first
active period tal. For example, as shown in FIG. 17, the
difference voltage increases (C1—C2) in the first active
period tal. The difference voltage gradually decreases
(C2—C3) in the first blanking period th1. Accordingly, the
luminance of the display device also increases (E1—=E2) in
the first active period tal, and the luminance of the display
device gradually decreases (E2—E3) in the first blanking
period tbl.

When the luminance of the display device gradually
decreases (E2—E3) in the first blanking period tb1, there
may occur a significant gap between the luminance and the
luminance E2 in the second active period ta2 of the next
second frame (F2). When there is a significant gap in
luminance between the first frame (F1) and the second frame
(F2), flicker may occur.

Hereinafter, embodiments according to FIGS. 18 to 23 are
intended to solve the decrease in luminance, in the first
blanking period tbl, of the display device of which the
driving frequency is a low frequency.

FIG. 18 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to yet another embodi-
ment. The pixel circuit diagram in the embodiment of FIG.
18 is similar to the pixel circuit diagram in the embodiment
of FIG. 2. However, the pixel circuit of FIG. 18 includes a
parasitic capacitor CST1 formed between the data line DL
and the first node N1. FIG. 19 is a waveform diagram
illustrating signals input to the display device according to
the embodiment.

Referring to FIGS. 18 and 19, the data voltage Vdata is
applied through the data line (see DL in FIG. 1) in the first
blanking period tb1. However, in the first blanking period
th1, the scan transistor T1 is turned off, and the data voltage
Vdata may not be applied to the first node N1. Since the data
voltage Vdata is applied to the data line DL, the parasitic
capacitor CST1 may be formed between the data line DL
and the first node N1.

As shown in FIG. 19, the first blanking period th1 may
include, for example, four sub-blanking periods tb11 to th14.
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That is, the data voltages Vdata having different magnitudes
Vdata_g1 to Vdata_g4 may be applied in the sub-blanking
periods tb11 to tb14, respectively. In the sub-blanking peri-
ods tb1 to th14, the video data output unit 15 may provide
video data corresponding to the data voltages Vdata having
different magnitudes Vdata_gl to Vdata_gd4 respectively to
the data driving unit 30.

Although FIG. 19 shows that the first blanking period tb1
includes four sub-blanking periods tb11l to tb14, the first
blanking period tb1 is not limited thereto. The first blanking
period tb1 may include two to three sub-blanking periods, or
may include five or more sub-blanking periods. The data
voltage Vdata having a greater magnitude may be applied in
the sub-blanking periods over time.

For example, the data voltage Vdata having a predeter-
mined voltage level Vdata_gl may be applied in the first-
first sub-blanking period tb11. In the first-first sub-blanking
period tb11, the difference voltage and luminance may be
maintained at the same level (C2 and E2) as that of the first
active period tal, respectively, and then may be gradually
decreased.

The data voltage Vdata having the voltage level Vdata_g2
greater than the voltage level Vdata_gl may be applied in
the first-second sub-blanking period th12. In the first-second
sub-blanking period th12, the data voltage Vdata having the
voltage level Vdata_g2 greater than the voltage level
Vdata_gl1 is applied, so that the difference voltage and
luminance may be maintained at the same level (C2 and E2)
as that of the first-first sub-blanking period tb11.

The data voltage Vdata having the voltage level Vdata_g3
greater than the voltage level Vdata_g2 may be applied in
the first-third sub-blanking period tb13. In the first-third
sub-blanking period tb13, the data voltage Vdata having the
voltage level Vdata_g3 greater than the voltage level
Vdata_g2 is applied, so that the difference voltage and
luminance may be maintained at the same level (C2 and E2)
as that of the first-second sub-blanking period tb12.

The data voltage Vdata having the voltage level Vdata_gd
greater than the voltage level Vdata_g3 may be applied in
the first-fourth sub-blanking period tb14. In the first-fourth
sub-blanking period tb14, the data voltage Vdata having the
voltage level Vdata_gd4 greater than the voltage level
Vdata_g3 is applied, so that the difference voltage and
luminance may be maintained at the same level (C2 and E2)
as that of the first-third sub-blanking period th13.

As shown in FIG. 19, in the first blanking period tb1,
when only the data voltage Vdata having a predetermined
voltage level Vdata_g1 is applied to the data line (see DL in
FIG. 1), the difference voltage and luminance of the display
device at a time point when switched to the second active
period ta2 may be significantly reduced compared to the
difference voltage and luminance that have been charged in
the first active period tal, respectively (C2—C3 and
E2—E3).

However, according to the embodiment, in the first blank-
ing period tb1, by gradually increasing the voltage level of
the data voltage Vdata applied to the data line (see DL in
FIG. 1), the difference voltage and luminance of the display
device at a time point when switched to the second active
period ta2 may be maintained at the same level (C2 and E2)
as that of the difference voltage and luminance charged in
the first active period (tal), respectively. Due to this, lumi-
nance difference between adjacent frames F1 and F2 can be
reduced. Accordingly, the occurrence of flicker between the
first frame F1 and the second frame F2 can be improved.

FIG. 20 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to still another embodi-
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ment. The pixel circuit diagram in the embodiment of FIG.
20 is similar to the pixel circuit diagram in the embodiment
of FIG. 2. However, the pixel circuit of FIG. 20 includes a
parasitic capacitor CST2 formed between the initialization
voltage line and the second node N2. FIG. 21 is a waveform
diagram illustrating signals input to the display device
according to the embodiment.

The embodiment according to FIGS. 20 and 21 is different
from the embodiment according to FIGS. 18 and 19 in that
it is possible to improve the occurrence of flicker between
the first frame F1 and the second frame F2 by using the
parasitic capacitor CST2 between the initialization voltage
line to which the initialization voltage Vref'is applied and the
second node N2.

More specifically, since the initialization voltage Vref is
applied to the initialization voltage line, the parasitic capaci-
tor CST2 may be formed between the initialization voltage
line and the second node N2.

The initialization voltages Vref having different magni-
tudes Vrefl to Vrefd may be applied in the sub-blanking
periods tb11 to tb14, respectively. In the sub-blanking peri-
ods tb11 to tb14, the initialization voltage output unit (see
reference number 17 in FIG. 14) may provide the initializa-
tion voltages Vref having different magnitudes Vrefl to
Vrefd to the data driving unit 30.

For example, the initialization voltage Vref having a
predetermined voltage level Vrefl may be applied in the
first-first sub-blanking period tb11l. In the first-first sub-
blanking period tb11, the difference voltage and luminance
may be maintained at the same level (C2 and E2) as that of
the first active period tal, respectively, and then may be
gradually decreased.

The initialization voltage Vref having the voltage level
Vref2 greater than the voltage level Vrefl may be applied in
the first-second sub-blanking period tb12. In the first-second
sub-blanking period tb12, the initialization voltage Vref
having the voltage level Vref2 greater than the voltage level
Vrefl is applied, so that the difference voltage and lumi-
nance may be maintained at the same level (C2 and E2) as
that of the first-first sub-blanking period tb11.

The initialization voltage Vref having the voltage level
Vref3 greater than the voltage level Vref2 may be applied in
the first-third sub-blanking period tb13. In the first-third
sub-blanking period tb13, the initialization voltage Vref
having the voltage level Vref3 greater than the voltage level
Vref2 is applied, so that the difference voltage and lumi-
nance may be maintained at the same level (C2 and E2) as
that of the first-second sub-blanking period tb12.

The initialization voltage Vref having the voltage level
Vrefd greater than the voltage level Vref3 may be applied in
the first-fourth sub-blanking period tb14. In the first-fourth
sub-blanking period tb14, the initialization voltage Vref
having the voltage level Vref4 greater than the voltage level
Vref3 is applied, so that the difference voltage and lumi-
nance may be maintained at the same level (C2 and E2) as
that of the first-third sub-blanking period tb13.

As shown in FIG. 21, in the first blanking period tb1l,
when only the initialization voltage Vref having a predeter-
mined voltage level Vrefl is applied to the initialization
voltage line, the difference voltage and luminance of the
display device at a time point when switched to the second
active period ta2 may be significantly reduced compared to
the difference voltage and luminance that have been charged
in the first active period tal, respectively (C2—C3 and
E2—E3).

However, according to the embodiment, in the first blank-
ing period tb1, by gradually increasing the voltage level of
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the initialization voltage Vref applied to the initialization
voltage line, the difference voltage and luminance of the
display device at a time point when switched to the second
active period ta2 may be maintained at the same level (C2
and E2) as that of the difference voltage and luminance
charged in the first active period (tal), respectively. Due to
this, luminance difference between adjacent frames F1 and
F2 can be reduced. Accordingly, the occurrence of flicker
between the first frame F1 and the second frame F2 can be
improved.

FIG. 22 is a pixel circuit diagram illustrating a pixel
circuit of a display device according to still another embodi-
ment. The pixel circuit diagram in the embodiment of FIG.
20 is similar to the pixel circuit diagram in the embodiment
of FIG. 2. However, the pixel circuit of FIG. 20 includes a
parasitic capacitor CST3 formed between the first power line
PL1 line and the first node N1. FIG. 23 is a waveform
diagram illustrating signals input to the display device
according to the embodiment.

Referring to FIGS. 22 and 23, since the high-potential
voltage ELVDD is applied to a first power line PL1, the
parasitic capacitor CST3 may be formed between the first
power line PL1 and the first node N1.

The high-potential voltages ELVDD having different
magnitudes ELVDD1 to ELVDD4 may be applied in the
sub-blanking periods tb1l to tb1l4, respectively. A high-
potential voltage output unit (not shown) of the timing
control unit controls the power supply unit (see FIG. 1) and
then may provide the high-potential voltages ELVDD hav-
ing different magnitudes ELVDD1 to ELVDD4 to the first
power line PL1 in the first sub-blanking periods tb11 to th14.

For example, the high-potential voltage ELVDD having a
predetermined voltage level ELVDD may be applied in the
first-first sub-blanking period tb1l. In the first-first sub-
blanking period tb11, the difference voltage and luminance
may be maintained at the same level (C2 and E2) as that of
the first active period tal, respectively, and then may be
gradually decreased.

The high-potential voltage ELVDD having the voltage
level ELVDD2 greater than the voltage level ELVDD1 may
be applied in the first-second sub-blanking period tb12. In
the first-second sub-blanking period tb12, the high-potential
voltage ELVDD having the voltage level ELVDD2 greater
than the voltage level ELVDDI1 is applied, so that the
difference voltage and luminance may be maintained at the
same level (C2 and E2) as that of the first-first sub-blanking
period tb11.

The high-potential voltage ELVDD having the voltage
level ELVDD3 greater than the voltage level ELVDD2 may
be applied in the first-third sub-blanking period tb13. In the
first-third sub-blanking period tb13, the high-potential volt-
age ELVDD having the voltage level ELVDD3 greater than
the voltage level ELVDD?2 is applied, so that the difference
voltage and luminance may be maintained at the same level
(C2 and E2) as that of the first-second sub-blanking period
th12.

The high-potential voltage ELVDD having the voltage
level ELVDD4 greater than the voltage level ELVDD3 may
be applied in the first-fourth sub-blanking period th14. In the
first-fourth sub-blanking period tb14, the high-potential
voltage ELVDD having the voltage level ELVDD4 greater
than the voltage level ELVDD3 is applied, so that the
difference voltage and luminance may be maintained at the
same level (C2 and E2) as that of the first-third sub-blanking
period th13.

As shown in FIG. 23, in the first blanking period tb1,
when only the high-potential voltage ELVDD having a
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predetermined voltage level ELVDDI1 is applied to the
initialization voltage line, the difference voltage and lumi-
nance of the display device at a time point when switched to
the second active period ta2 may be significantly reduced
compared to the difference voltage and luminance that have
been charged in the first active period tal, respectively
(C2—C3 and E2—E3).

However, according to the embodiment, in the first blank-
ing period tb1, by gradually increasing the voltage level of
the high-potential voltage ELVDD applied to the first power
line PL1, the difference voltage and luminance of the display
device at a time point when switched to the second active
period ta2 may be maintained at the same level (C2 and E2)
as that of the difference voltage and luminance charged in
the first active period (tal), respectively. Due to this, lumi-
nance difference between adjacent frames F1 and F2 can be
reduced. Accordingly, the occurrence of flicker between the
first frame F1 and the second frame F2 can be improved.

The display device according to the embodiment includes:
a first frame including a first active period and a first
blanking period; and a pixel including: an emissive compo-
nent; a driving transistor including a first electrode to which
a high potential voltage is applied, a second electrode
connected to an anode electrode of the emissive component,
and a gate electrode connected to a first node; a scan
transistor including a first electrode to which a data voltage
is applied through a data line, a second electrode connected
to the first node, and a gate electrode to which a first scan
signal is applied; a storage capacitor that is between the first
node and the anode electrode; and a parasitic capacitor that
is formed at one end or the other end of the storage capacitor.
In the first blanking period, the difference voltage of the
storage capacitor charged in the first active period is main-
tained by using the parasitic capacitor.

The parasitic capacitor may be formed between the data
line and the first node.

In the first blanking period, the voltage level of the data
voltage may increase.

The pixel may further include an initialization transistor
that includes a first electrode to which an initialization
voltage is applied through an initialization voltage line, a
second electrode connected to the anode electrode, and a
gate electrode to which a second scan signal is applied. The
parasitic capacitor may be formed between the initialization
voltage line and the second node.

In the first blanking period, a voltage level of the initial-
ization voltage may increase.

The parasitic capacitor may be formed between a first
power line to which the high potential voltage is applied and
the first node.

In the first blanking period, a voltage level of the high
potential voltage may increase.

In the first blanking period, leakage current may be
generated from the light emitting device.

The advantages of this specification are not limited to the
aforesaid, and other advantages not described herein may be
clearly understood by those skilled in the art from the
descriptions below.

Although embodiments of this invention have been
described above with reference to the accompanying draw-
ings, it will be understood that the technical configuration of
this invention described above can be implemented in other
specific forms by those skilled in the art without changing
the technical concept or essential features of the present
invention. Therefore, it should be understood that the
embodiments described above are exemplary and not limited
in all respects. Furthermore, the scope of the present inven-
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tion is defined by the claims set forth below, rather than the
detailed description above. In addition, it should be under-
stood that all modifications or variations derived from the
meaning and scope of the claims and their equivalent
concept are included within the scope of the this invention.

DESCRIPTION OF REFERENCE NUMERALS

1: display device

: timing control unit

: gate driving unit

: data driving unit

: emission driving unit
: power supply unit

60: display panel

What is claimed is:

1. A display device comprising:

a display panel including a plurality of pixels, the plurality
of pixels driven during a first frame with a first driving
frequency and driven during a second frame with a
second driving frequency;

a frequency generation circuit configured to generate first
frequency information indicative of the first driving
frequency of the first frame after an end of the first
frame;

a gain generation circuit configured to receive the first
frequency information indicative of the first driving
frequency generated by the frequency generation cir-
cuit and generate a first gain value for the second frame
based on the first driving frequency of the first frame
indicated in the received first frequency information;
and

a video data output circuit configured to output video data
generated based on the first gain value to a data driving
circuit during the second frame,

wherein the display panel displays an image based on the
outputted video data during the second frame.

2. The display device of claim 1, wherein the plurality of
pixels are driven during a third frame with a third driving
frequency after the second frame, and the frequency gen-
eration circuit generates second frequency information
indicative of the second driving frequency after an end of the
second frame, the gain generation circuit generates a second
gain value for the third frame based on the second driving
frequency indicated in the second frequency information,

wherein the first driving frequency is equal to the second
driving frequency and the third driving frequency is
less than the first driving frequency and the second
driving frequency, and the first gain value and the
second gain value are equal.

3. The display device of claim 2, wherein the plurality of
pixels are driven during a fourth frame with a fourth driving
frequency after the third frame, and the frequency generation
circuit generates third frequency information indicative of
the third driving frequency after an end of the third frame,
the gain generation circuit generates a third gain value for
the fourth frame based on the third driving frequency
indicated in the third frequency information,

wherein the third gain value is less than the first gain value
and the second gain value.

4. The display device of claim 1, wherein the first frame
comprises a first active period and a first blank period and
the second frame comprises a second active period and a
second blank period,

wherein the video data output circuit outputs the video
data generated based on the first gain value to the data
driving circuit during the second active period, and the
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data driving circuit outputs a data voltage at a first
voltage level to a pixel from the plurality of pixels
based on the video data generated based on the first
gain value during the second active period.

5. The display device of claim 4, wherein the data driving
circuit outputs to the pixel the data voltage at a second
voltage level that is less than the first voltage level during the
second blank period.

6. The display device of claim 5, wherein the data voltage
is maintained at the second voltage level during a portion of
the second blank period.

7. The display device of claim 5, wherein the pixel
comprises an emissive component, a driving transistor con-
nected to the emissive component, and a scan transistor
connected to the driving transistor,

wherein the driving transistor comprises a first electrode
of the driving transistor applied with a high-potential
voltage, a second electrode of the driving transistor
connected to an anode electrode of the emissive com-
ponent, and a gate electrode of the driving transistor
connected to a first node, and the scan transistor com-
prises a first electrode of the scan transistor applied
with the data voltage, a second node connected to the
first node, and a gate electrode of the scan transistor
applied with a first scan signal.

8. The display device of claim 7, wherein the pixel further

comprises:

a parasitic capacitor between the first node and a data line
applied with the data voltage.

9. The display device of claim 8, wherein the frequency
generation circuit counts a duration of the second blank
period after an end of the second active period.

10. The display device of claim 9, wherein the video data
output circuit decreases the second voltage level a plurality
of times in a stepwise manner based on the counted duration
of the second blank period.

11. The display device of claim 7, wherein the pixel
further comprises:

an initialization transistor comprising a first electrode
applied with an initialization voltage, a second elec-
trode connected to the anode electrode, and a gate
electrode applied with a second scan signal.

12. The display device of claim 11, wherein the pixel

further comprises:

a parasitic capacitor formed between the anode electrode
and an initialization voltage line that applies the ini-
tialization voltage.

13. The display device of claim 12, wherein the frequency
generation circuit counts a duration of the second blank
period after an end of the second active period.

14. The display device of claim 13, wherein the initial-
ization voltage is decreased a plurality of times in a stepwise
manner during the second blank period based on the counted
duration of the second blank period.

15. A display device comprising:

a display panel including a plurality of pixels, a plurality
of data lines, and a plurality of gate lines that intersect
the plurality of data lines, the plurality of pixels driven
during a first frame with a first driving frequency and
the plurality of pixels driven during a second frame
with a second driving frequency;

a timing controller configured to generate a first gain
value for the second frame based on the first driving
frequency of the first frame and output first video data
that is generated based on the first gain value during the
second frame;
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a data driver configured to convert the first video data
generated based on the first gain value into first data
signals that are transmitted to the plurality of data lines
during the second frame; and

a gate driver configured to output gate signals to the
plurality of data lines during the first frame and the
second frame,

wherein the display panel displays an image based on the
first data signals during the second frame.

16. The display device of claim 15, wherein the first
driving frequency and the second driving frequency are
equal and the plurality of pixels are driven during a third
frame with a third driving frequency that is less than the first
driving frequency and the second driving frequency after the
second frame, and the timing controller is configured to
generate a second gain value for the third frame based on the
second driving frequency and output second video data that
is generated based on the second gain value during the third
frame, the second gain value equal to the first gain value.

17. The display device of claim 15, wherein the first frame
comprises a first active period and a first blank period and
the second frame comprises a second active period and a
second blank period,

wherein the timing controller outputs the first video data
generated based on the first gain value to the data driver
during the second active period, and the data driver
outputs a first data signal from the first data signals at
a first voltage level during the second active period to
a pixel from the plurality of pixels based on the first
video data generated based on the first gain value, and
outputs other first data signals from the first data signals
at second voltage levels that are less than the first
voltage level during the second blank period.

18. The display device of claim 17, wherein the second
blank period is longer than the first blank period and
includes a first blank portion and a second blank portion, a
duration of time of the first blank portion and a duration of
time of the second blank portion equal to the first blank
period,

wherein a second voltage level of a first data signal from
the other first data signals output during the first blank
portion is less than the first voltage level of the first data
signal output during the second active period, and a
second voltage level of another first data signal from
the other first data signals that is output during the
second blank portion is less than the second voltage
level of the first data signal output during the first blank
portion.

19. The display device of claim 15, wherein each of the

plurality of pixels comprises:

a driving transistor including a gate electrode of the
driving transistor that is connected to a first node, a first
electrode of the driving transistor that is applied with a
high-potential voltage, and a second electrode of the
driving transistor that is connected to a second node;

an emissive component configured to emit light, the
emissive component including an anode electrode con-
nected to the second electrode of the driving transistor
at the second node;

a scan transistor including a first electrode of the scan
transistor that is connected to a data line from the
plurality of data lines, a second electrode of the scan
transistor that is connected to the gate electrode of the
driving transistor at the first node, and a gate electrode
applied with a first gate signal; and

an initialization transistor comprising a first electrode of
the initialization transistor that is applied with an
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initialization voltage, a second electrode of the initial-
ization transistor that is connected to the second elec-
trode of the driving transistor at the second node, and
a gate electrode of the initialization transistor that is
applied a second gate signal. 5

20. The display device of claim 19, wherein the first frame
comprises a first active period and a first blank period and
the second frame comprises a second active period and a
second blank period,

wherein during the second active period the initialization 10

voltage applied to the second electrode of the driving
transistor by the initialization transistor is at a first
initialization voltage level and during the second blank
period the initialization voltage applied to the second
electrode of the driving transistor by the initialization 15
transistor is at second initialization voltage levels that
are less than the first initialization voltage level.

21. The display device of claim 20, wherein the second
blank period is longer than the first blank period and the
second blank period includes a first blank portion and a 20
second blank portion, a duration of time of the first blank
portion and a duration of time of the second blank portion
are equal to the first blank period,

wherein a second initialization voltage level of the ini-

tialization voltage during the first blank portion is less 25
than the first initialization voltage level of the initial-
ization voltage during the second active period, and a
second initialization voltage level of the initialization
voltage during the second blank portion is less than the
second initialization voltage level of the initialization 30
voltage during the first blank portion.
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